T 



(19) 



J 



Europaisches Patentamt 
Europ an Patent Offic 
Office europeen des brevets 




(11) 



EP 1 348 584 A1 



(12) 



EUROPEAN PATENT APPLICATION 



tA1\ 
{U) 


nto r\i ni iHilir^at ion ■ 
UdltJ Ul pULJMOeUHJI 1. 


t5A\ intci 7 B60H 1/32 B60H 1/00 




01 .1 0.2003 Bulletin 2003/40 




(21) 


Annliratinn number 03007061 9 




(22) 


uate ot Tiling, ^/.uo.^uuo 




(84) 


Designated Contracting States: 


* IVI3SUKO, rVaZUO 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


TOKyO 1 D4-OOU£ W/ 




HU IE IT LI LU MC NL PT RO SE SI SK TR 


• UKaWa, IMOlly U rvl 




Designated Extension States: 






AL LT LV MK 


• Kawachi, Masaki 






I OKyU lofoout \U • J 


(30) 


Priority: 27.03.2002 J P 2002089118 


• Watanabe, Saburo 


Tokyo 164-8602 (JP) 


(71) 


Applicant: Calsonic Kansei Corporation 


• Sato, Kaoru 


Tokyo 164-8602 (JP) 


Tokyo 164-8602 (JP) 




• Sekine, Takeshi 


(72) 


Inventors: 


Tokyo 164-8602 ( J P) 


• 


Hirose, Ryuichi 






Tokyo 164-8602 (JP) 


(74) Representative: Griinecker, Kinkeldey, 


• 


Nadamoto, Hiroyasu 


Stockmair & Schwanhausser Anwaltssozietat 




Tokyo 164-8602 (JP) 


Maximilianstrasse 58 




80538 Munchen (DE) 



(54) Vehicle air conditioning control apparatus 



CO 

in 
oo 

co 
i— 

Q. 
UJ 



(57) A vehicle air conditioning control apparatus 
having an externally controlled type compressor 3 and 
an externally controlled type cooling electric fan 9 is dis- 
closed in which a control map, for determining a duty 
ratio for a fan motor 10 in terms of a compressor dis- 
charge pressure Pd, is determined based on the maxi- 
mum efficiency point, for providing the maximum fuel 
consumption, that allows a total engine load torque, rep- 
resented by a total sum of an engine load torque caused 
by the externally controlled type compressor 3 and an 
engine load torque caused by a fan motor 10, to be a 
minimum torque, and a duty voltage to be applied to the 
fan motor 10 is controlled using the compressor outlet 
pressure Pd and the control map which is determined. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a vehicle air 
conditioning control apparatus having an air condition- 
ing cycle which uses an externally controlled type cool- 
ing electric fan. 

D scription of the Related Art 

[0002] An exemplary vehicle air conditioning control 
apparatus includes a control device disclosed in, for in- 
stance, Japanese Patent Provisional Publication No. 
2000-274243. 

[0003] The control device disclosed in this publication 
has a purpose of decreasing an operative duration of a 
cooling fan to an irreducible minimum of a demand over 
an entire region of an operating range such that, during 
a turned ON condition of an air conditioning cycle, a 
cooling electric fan disposed at a rear side of a condens- 
er and a radiator is controlled by selecting a control con- 
stant from a cooling fan operation map as a parameter 
of a vehicle speed, an engine coolant water temperature 
and a compressor discharge pressure.. 

SUMMARY OF THE INVENTION 

[0004] However, since a related art veh icle air condi- 
tioning control apparatus has the cooling fan operation 
.map, available for use in cooling fan control, that is de- 
termined as a parameter referring simply to the vehicle 
speed, the engine coolant water temperature and the 
compressor discharge pressure, an issue arises in that 
it is hard to expect an improvement in a sufficient fuel 
consumption even when executing the cooling fan con- 
trol using the cooling fan operation control map deter- 
mined in such a way. 

[0005] Accordingly, as described in an object of the 
related art technology, in a case where the cooling fan 
is operated at the irreducible minimum of demand over 
the entire area of the operating range, limiting of an al- 
ternator power load is accompanied by an in crease in 
a compressor power load. As a result, for instance, dur- 
ing a cool-down mode where a high cooling capacity is 
demanded, there occurs a tendency of an increase in a 
total engine load represented by a total sum of the, com- 
pressor power load and the alternator power load. Since 
the fuel consumption depends on the total engine load, 
the fuel consumption becomes deteriorated in such a 
case. 

[0006] The present invention has been completed in 
view of the above issue and has an object to provide a 
vehicle air conditioning apparatus that is able to improve 
a fuel consumption through an optimum fan; motor con- 
trol in consideration of a total engine load resulting from 



a compressor and a cooling electric fan. 
[0007] In orderto achieve the above object, according 
to an aspect of the present invention, there is provided 
a vehicle air conditioning apparatus for controlling an air 
5 conditioning cycle having a compressor, a fan motor ac- 
tivated by a power source composed of an alternator 
driven by an engine, and a fan driven by the fan motor 
for cooling a condenser, the apparatus comprising com- 
pressor-volume equivalent- value detecting means de- 
10 tecting a compressor-volume equivalent-value corre- 
sponding to a volume of the compressor, control map 
setting means setting a control map, that determines a 
fan motor load for the compressor volume detected by 
the compressor-volume equivalent-value detecting 
15 means, in a way to minimize a total engine load torque 
formed by a total sum of an engine load torque caused 
by the compressor and the engine load torque caused 
by the fan motor, and fan motor control means control- 
ling the fan motor load, that forms a load of the fan motor, 
20 in dependence on the compressor-volume equivalent- 
value using the compressor-volume equivalent-value 
and the control map set by the control map setting 
means. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Fig. 1 is an overall system view of a vehicle air con- 
so ditioning control apparatus according to an embod- 
iment of the present invention. 
Fig. 2 is a cross sectional view of an externally con- 
trolled type compressor which is applied to the ve- 
hicle air conditioning control apparatus according to 
35 the embodiment of the present invention. 

Fig. 3 is a view illustrating a variable volume control 
function of the externally controlled type compres- 
sor which is applied to the vehicle air conditioning 
control apparatus according to the embodiment of 
40 the present invention. 

Fig. 4 is a flowchart illustrating flow of a fan motor . 
control procedure to be executed in a fan motorcon- 
trol section of a control unit in the vehicle air condi- 
tioning control apparatus according to the embodi- 
es ment of the present invention. 

Fig: 5 \s an experimental test result illustrating an 
engine load characteristic caused in an alternator, 
an engine load characteristic caused in a compres- 
sor and a total engine load torque characteristic in- 
50 dicative of a sum of both load torque when meas- 
ured while keeping a cooling capacity. 
Fig. 6 is a view illustrating a control line for a 
traveling mode with a compressor outlet discharge 
pressure being plotted on an axis of ordinates while 
55 a PWM duty for a fan motor is plotted o n an abscissa 
axis. 

Fig. 7 is a view representing a normal control map 
and a cool-down control map plotted on the same 
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coordinate axis for the purpose of describing oper- 
ations of th control unit in various vehicle statuses. 
Fig. 8 is a view showing a result of a fuel consump- 
tion comparison test 1 conducted for confirming an 
improved fuel consumption effect obtained by a fan 
motor control according to the present invention. 
Fig. 9 is a view showing a result of a fuel consump- 
tion comparison test 2 conducted for confirming the 
improved fuel consumption effect obtained by the 
fan motor control according to the present inven- 
tion, 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0009] An embodiment of this invention will be de- 
scribed below with reference to the accompanying 
drawings. 

[0010] Fig. 1 is an overall system view illustrating a 
vehicle air conditioning control apparatus 100 of one 
embodiment according to the present invention. The 
system shown in Fig. 1 is roughly comprised of an en- 
gine 1 , a radiator 2, an externally controlled type com- 
pressor (compressor) 3, a condenser 4, a liquid tank 5, 
a temperature type auto-expansion valve 6, an evapo- 
rator 7, an alternator 8, a cooling electric fan 9, a fan 
motor 1 0, a control valve 1 1 , a blower fan 1 2 and a blow- 
er fan motor 13. 

[0011] The engine 1 and the radiator 2 are connected 
to one another through an engine coolant water inlet 
conduit 1a and an engine coolant water outlet conduit 
1b. 

[0012] An air conditioning cycle in a control unit of the 
presently filed embodiment is executed by the externally 
controlled type compressor 3 and the condenser 4, the 
liquid tank 5 and the temperature type auto-expansion 
valve 6, and the evaporator 7. 

[001 3] The externally controlled type compressor 3 is 
driven by the engine 1 to deliver refrigerant, delivered 
from the evaporator 7 in a gas phase at a low tempera- 
ture and fixed pressure, to the condenser 4 in the gas 
phase at a high pressure and high temperature. The ex- 
ternally controlled type compressor 3 is controlled by an 
electronic control system 200 such that a compressor 
volume is variably controlled responsive to a duty signal 
to be applied to the control valve 11 which is internally 
contained. Also, a detail of the externally controlled type 
compressor3 and the electronic control system 200 are 
will be described later. 

[001 4] The condenser 4 is located in front of the radi- 
ator 2 and cools refrigerant, prevailing at the high pres- 
sure and high temperature, to a condensing point by 
trav ling wind or wind obtained by the cooling electric 
fan 9, thereby forming liquid of refrigerant at high pres- 
sure and medium temperature to b delivered to the liq- 
uid tank 5. 

[0015] The liquid tank 5 removes moisture and dusts 
contained in refrigerant delivered from the condenser 4 
in the liquid phase at the high pressure and medium tem- 



perature and accumulates refrigerant therein so as to 
allow refrigerant to be smoothly circulated for delivery 
to the temperature type auto-expansion valve 6. 
[0016] The temperature type auto-expansion valve 6 

5 serves to rapidly expand refrigerant delivered from the 
liquid tank 5 in the liquid phase at the high pressure and 
medium temperature to form liquid (in a mist form) at a 
low temperature and low pressure which is then deliv- 
ered to the evaporator 7. 

10 [0017] The evaporator 7 converts refrigerant, deliv- 
ered from the temperature type auto-expansion valve 6 
in the mist form, to provide gas at the low pressure and 
low temperature upon evaporation of the mist-like refrig- 
erant by robbing heat from vehicle-inside air delivered 

15 from the blower fan 12, whereupon refrigerant in the gas 
phase at the low pressure and low temperature is deliv- 
ered to the externally controlled type compressor 3. 
[0018] The cooling electric fan 9 is driven by the fan 
motor 10 which is operated by a terminal voltage of the 

20 alternator 8 driven by the engine 1 . The fan motor 1 0 is 
applied with a motor drive voltage which is controlled in 
a PWM mode to variably control a condenser cooling 
capacity provided by actuation of the fan motor 1 0. 
[0019] Also, PWM (=Pulse Width Modulation) is 

25 meant by a pulse width modulation system to cause an 
amplitude and repetitive frequency in a fixed pulse time 
duration to vary in dependence on a waveform of a sig- 
nal wave. 

[0020] The blower fan 12 is driven by the blower fan 
30 motor 13 to draw an air stream (an inner air stream) from 
a vehicle compartment and compress the air stream to 
be blown out, for thereby feeding a cold air stream to 
the vehicle compartment. 

[0021 ] The electronic control system 200 is described 
35 below. The electronic control system 200 shown in Fig. 
1 is comprised of a control unit 14, an air conditioner 
switch 15, an engine coolant temperature sensor 16, a 
high pressure sensor (a compressor-volume-equiva- 
lent-value detection means) 17, an evaporator-outlet 
40 temperature, sensor (an evaporator-outlet temperature 
detection means) 1 8, a PWM amplifier 21 , an ECV con- 
trol section (a compressor control means) 22, an ECV 
amplifier 23 and a PWM module 24. In the embodiment, 
a pressure of the compressor 3 is detected in order to 
45 obtain the volume of the compressor 3, it may be altered 
such that the volume.of the compressor 3 is calculated . 
from other measured values. 

[0022] A switch signal of the air conditioner switch 15, • 
engine coolant temperature information detected by the 

so engine coolant water temperature sensor 16, a com- 
pressor-volume information detected by the high pres- 
sure sensor 1 7 disposed in a midway of an outlet conduit 
of the liquid tank 5, evaporator-outlet temperature infor- 
mation detected by the evaporator-outlet temperature 

55 sensor 18 5 and vehicle speed information detected by 
the vehicle speed sensor 1 9 are transmitted to the con- 
trol unit 14. 

[0023] The evaporator-outlet temperature sensor 18 
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is located in the outlet conduit at a position just down- 
stream the evaporator 7. A detected value resulting from 
the high pressure sensor 17 is used as a value repre- 
sentative of a compressor outlet pressure Pd to control 
the fan motor 10. Additionally, temperature regulating 
dial information, interior air sensor information, outer air 
sensor information, solar radiation sensor information, 
suction temperature sensor information and mode 
switch information are transmitted to the control unit 1 4. 
[0024] The control unit 1 4 is comprised of a fan motor 
control section 20 adapted to calculate a duty ratio of an 
output signal to beoutputted to the fan motoric, a PWM 
amplifier for outputting a duty signal to the PWM module 
24 in response to a calculated result in the fan motor 
control section 20, an ECV control section 22 for calcu- 
lating a duty ratio of an output signal to be outputted to 
the control valve 11 , and an ECV amplifier 23 for output- 
ting a duty signal to the control valve 11 in response to 
the calculated result of the ECV control section 22. 
[0025] The PWM module 24 is connected to terminals 
of the alternator 8 and generates a drive voltage in a 
PWM duty ratio, in response to the duty signal delivered 
from the PWM amplifier 21 , to be applied to the fan mo- 
tor 10. 

[0026] Fig. 2 is a cross sectional view illustrating the 
externally controlled type compressors, and Fig. 3 is a 
view illustrating a method of controlling the compressor 
volume (outlet pressure) of the compressor 3 by using 
the duty signal applied to the control valve 1 1 of the ex- 
ternally controlled type compressor 3. 
[0027] The externally controlled type compressor 3 is 
of a multi - cylinder - swash - plate type and is comprised 
of a compressor case 30, a pulley 31 , a drive shaft 32, 
a swash plate driving body 33, a swash plate 34, pistons 
35, a high pressure ball valve 36, a control valve 11 , a 
high pressure chamber 37 and a crank chamber 38. 
[0028] The externally controlled type compressor 3 
performs control of a discharge volume by varying an 
inclination of the internally contained swash plate 34. 
That is, upon receipt of the duty signal applied to the 
control valve 1 1 incorporated in the externally controlled 
type compressor 3, the amount of lift of the high pres- 
sure ball valve 36 is varied. This causes the flow rate of 
refrigerant, flowing from the high pressure sensor 37 (= 
outlet pressure Pd) into the crank chamber 38 through 
the high pressure ball valve 36, to be controlled, thereby 
varying the pressure (= crank chamber pressure Pc) in 
th crank chamber 38 of the compressor 3 to allow the 
inclination of the swash plate 34 to be varied. 
[0029] As shown in Fig. 3, the amount of lift of the high 
pressure ball valve 36 is determined by a balance be- 
tween a low pressure (=suction pressure Ps) to be im- 
parted to a diaphragm 39 of the control valve 11 and a 
spring force of a set spring 40 and a magnetic force cre- 
ated in an electromagnetic coil 42. 
[0030] An ON-OFF pulse signal (= duty signal) out- 
putted from the ECV amplifier, for instance, 400. Hz, is 
applied to the electromagnetic coil 42 of the control 



valve11. And variation in the magnetic force resulting 
from an effective current caused by the duty ratio allows 
the amount of lift of the high pressure ball valve 36 to 
be controlled. 

5 

[Fan Motor Control Operation] 

[0031] Fig. 4 is a flowchart illustrating the flow of fan 
motor control operation to be executed by the fan motor 
10 control section 20 of the control unit 1 4. Hereinafter, var- 
ious steps are described. 

[0032] In step S1 , a differential temperature AT be- 
tween an evaporator-outlet temperature Tint and a tar- 
get evaporator-outlet temperature Tint (to serve as a 

15 veh icle status detecti ng means and a demanded cool ing 
capacity predicting means) is calculated. And, in case 
of the calculated differential temperature AT is less than 
4°C, the fan motor control section 20 is set in a normal 
control mode and, if the calculated differential tempera- 

20 ture AT exceeds 4°C, then the fan motor control section 
20 is changed over from the normal control mode to a 
cool-down control mode. 

[0033] And, if the magnitude of the differential temper- 
ature AT, calculated during the cool-down control mode, 

25 decreases below the value of 2°C. then the fan motor 
control section 20 is changed over from the cool-down 
control mode to the normal control mode. 
[0034] Here, in the ECV control section 22 (a target 
evaporator-outlet temperature setting means) of the 

30 control unit 14, operation is executed to perform com- 
pressor control to obtain a target compressor volume 
that is calculated in response to the atmospheric tem- 
perature, the vehicle compartment temperature and the 
target blow-out wind temperature. The target evapora- 

35 tor-outlet temperature Tint is obtained by the ECV con- 
trol section 22 during the calculating operations. And, 
the target evaporator-outlet temperature is applied to 
the fan motor control section 20 from the ECV control 
section 22 via a two-way communication line. 

40 [0035] In step S2, discrimination is made to see 
whether the normal control mode is set in step S1 and, 
in the presence of the normal control mode being set, 
flow is routed to step S3 whereas, if the cool-down con- 
trol mode is set, flow is routed to step S4. 

45 [0036] In step S3, the duty ratio of A DUTY to be ap- 
plied to the fan motor 1 0 is calculated by using a normal 
control map and the compressor discharge pressure Pd 
described in a frame of Fig.4. 

[0037] Here, the normal control map is determined so 
50 as to proportionately vary the duty ratio of A DUTY in a 
range between 0 % and 100% with a hysteresis in an 
increase and a decrease in a range of ,10.5 kg/ 
cm 2 ^pd^19.5 kg/cm 2 such that A DUTY=0 % is as- 
signed for a range of Pd<1 0.5 kg/cm 2 and A DUTY=1 00 
55 % is assigned for a range of Pd> 19.5 kg/cm 2 . 

[0038] Further, a compressor discharge pressure rec- 
ognition value, that is corrected so as to cause the pres- 
sure sensor value to vary on a gradual slope on the basis 
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of the pressure sensor value of the high pressure sensor 
17, is used as the compressor discharge pressure Pd. 
Also, the normal control map is set on the basis of a 
control line during a traveling mode shown in Fig. 6 
which will be described below. 

[0039] In step S4, the duty ratio of A DUTY to be ap- 
plied to the fan motor 10 is calculated by using a cool- 
down control map and the compressor discharge pres- 
sure Pd described in a frame of Fig.4. 
[0040] Here : the cool-down control map is determined 
such that, in an increasing phase, A DUTY=0 % is as- 
signed for a range of Pd < 7.0 kg/cm 2 : A DUTY=30 % 
is assigned for a range of 7.0 kg/cm 2 ^Pd^ 1 1 .0 kg/cm 2 
and A DUTY=1 00 % is assigned for a range of Pd>1 1 .0 
kg/cm 2 . In a decreasing phase, A DUTY=100 % is as- 
signed for a range of 10.0 kg/cm 2 <Pd^ 11 .0 kg/cm 2 , A 
DUTY=30 % is assigned for 4.0 kg/cm 2 ^Pd^10.0 kg/ 
cm 2 and A DUTY=0 % is assigned for a range of 4.0 kg/ 
cm 2 >Pd. 

[0041] In step S5, the duty ratio of A DUTY for the 
control of the fan motor 1 0 calculated in the step S3 or 
the step S4 is allocated to the fan motor duty ratio of M/ 
FA (i.e., M/FA=A DUTY), and flow is proceeds to step 
S6. 

[0042] In step S6, operation is executed to check the 
M/F-DUTY OUTPUT FLAG indicative of whether the fan 
motor duty ratio of M/FA in operations up to step S5 is 
zero. That is, judgment is made to see an ON/OFF state 
in value of the M/F-DUTY OUTPUT FLAG and, in case 
of OFF state, flow proceeds to step S7 whereas, in case 
of the ON state, flow is routed to step S8. 
[0043] In step S7, if the M/F-DUTY OUTPUT FLAG 
remains OFF, that is, during a zero start, slow-start op- 
ration 1 is executed to allow the duty ratio to vary at a 
rate of, for instance, 6.5 %/sec. 

[O044J In step S8, if the M/F-DUTY OUTPUT FLAG 
remains ON, that is, when the duty ratio is already add- 
ed, slow-start operation 2 is executed to allow the duty 
ratio to vary at a rate of, for instance, 28 %/sec. 
[0045] In step S9, judgment is made to see whether 
the duty ratio related to the fan motor 10 is zero and, in 
case of the duty ration*0, flow is routed to step S10 
whereas, in case of the duty ratio=0, flow proceeds to 
step S11. 

[0046] In step S1 0, the M/F-DUTY OUTPUT FLAG is 
turned ON and flow proceeds to step S1 2. 
[0047] In step S1 0, the M/F-DUTY OUTPUT FLAG is 
turned OFF and flow proceeds to step S12. 
[0048] In step S12, the fun duty signal finally deter- 
mined by the fan duty signal, of the step S5 and deter- 
mined in the slow-start operation 1 and the slow-start 
operation 2, are outputted from the PWM amplifier 21 to 
the PWM module 24. 

[0049] In this flowchart, flows in .step S1->step 
S2— >step S4^step S5 corresponds to a fan motor con- 
trol means defined in Claim 3. Also, flows in step S6 to 
step S1 2 corresponds to a slow-start control means de- 
fined in Claims 6 and 7. 



[Setting of Control Map] 

[0050] A method of setting the control map set forth 
above. 

5 [0051] In a case where the cooling electric fan 9 is 
adopted as the cooling fan of the condenser 4, the load 
torque to be exerted to the engine 1 (hereinafter referred 
to as a total engine load) is given by a total sum of a 
power load torque (hereinafter referred to as a compres- 
10 sor power load) for driving the compressors and a pow- 
er load torque (hereinafter referred to as a cooling-fan 
electrical load) for driving the alternator for the cooling 
electric fan 9. That is, it is expressed as (Total Engine 
Load) = (Compressor Power Load) + (Cooling-Fan Elec- 
ts trical Load). 

[0052] Then, for the case where the externally con- 
trolled type compressor 3 and the externally controlled 
type cooling electric fan 9 are adopted in the air condi- 
tioning system, various experimental tests were con- 
20 ducted to study about the relationships among the com- 
pressor power load, the cooling-fan electrical load and 
the total engine load resulting from the total sum of both 
loads. 

[0053] Fig. 5 shows results of the experimental tests. 

25 [0054] These tests were conducted to measure the 
engine load torque (cooling-fan electrical load) resulted 
by the alternator 8 under a condition with a cooling ca- 
pacity remaining at a fixed rate, and the engine load 
torque (compressor power load) resulted by the com- 

30 pressor 3. 

[0055] As Fig. 5 indicates, there is a relationship in 
that, as the power load resulted by the compressor 3 
increases, the cooling-fan electrical load of the alterna- 
tor 8 decreases and, in contrast, if the cooling-fan elec- 

35 trical load of the alternator 8 increases, the compressor 
power load resulted by the compressor 3 decreases. 
[0056] According to the experimental test results 
shown in Fig. 5, the total engine load torque varied in 
patterns, such as, the total engine load torque = 2.5 kg 

40 f-m when motor fan voltage was 6 volts, the total engine 
load torque = 1 .96 kg f-m when motor fan voltage was 
8 volts, the total engine load torque = 1 .99 kg f-m when 
motor fan voltage was 1 0 volts and the total engine load 
torque = 2.14 kg f-m when motor fan voltage was 12 

45 volts. Accordingly, it appears that the maximum efficien- 
cy point, wherein the total engine load torque takes the 
minimum value, results when the motor fan voltage is at 
8 volts. 

[0057] The experimental tests of Fig ? 5 results that 
so there is the relationship wherein increasing the com- 
pressor power load causes the cooling-fan electrical 
load to decrease whereas, on the.contrary, increasing 
the cooling-fan electrical load causes the compressor 
power load to decrease and, further, that limiting one of 
55 . th cooling-fan electrical load and the compressor pow- 
er load to a lower value does not necessarily cause a 
decrease in the total engine load. 
[0058] This experimental result reveals that a copper- 
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ative relationship exists between the compressor power 
load and the cooling-fan electrical load in that controlling 
the electrical load of the fan motor 1 0 causes the power 
load of the compressor 3 to vary. Also, this means that, 
by optimizing the cooling-fan electrical load, the com- 
pressor 3 and the fan motor 10 can be operated at the 
maximum efficient point where the total engine load 
torque takes the minimum value. 
[0059] Next, test was conducted to measure the max- 
imum efficiency points (= the maximum fuel consump- 
tion points) at various traveling speeds while varying the 
PWM duty ratio of the fan motor 1 0 and the compressor 
discharge pressure Pd at the traveling speeds of 40 km/ 
h, 60 km/h and 80 km/h, respectively. 
[O060] As shown in Fig. 6, an inclination of the control 
line during the traveling mode and an optimum control 
line for the traveling mode were determined in view of 
the maximum efficient points obtained in measurements 
set forth above and the cooling capacity of the air con- 
ditioning system. 

[0061] Then, the normal control map shown in the 
frame of step S5 in Fig. 4 was determined on the basis 
of the control line in the traveling mode shown in Fig. 6. 
In addition, on the basis of consideration in that the 
PWM duty ratio for the fan motor 1 0 is assigned to be 
1 00 % at the discharge pressure Pd lower than the com- 
pressor discharge pressure Pd in the normal control 
map, the coo I -down control map shown in a frame of 
step S6 in Fig. 4 was determined (to form a control map 
setting means). 

[Fan Motor Control Action At Departure] 

[0062] Upon startup of the engine 1 and under a halt 
of a vehicle before a departure thereof, if the air condi- 
tioner switch 15 is turned on, the evaporator-outlet tem- 
perature Tint is high and, hence, the differential temper- 
ature A T between the evaporator-outlet temperature 
Tint and the target evaporator-outlet temperature Tint 
exceeds a value of 4 6 C. When this takes place, in the 
flowchart shown in Fig. 4, flow proceeds in step 
S1-»step S2-» step S4->step S5 to allow the cool-down 
control map, prepared in a manner set forth above; to 
be selected for thereby beginning the cool-down control 
in accordance with the cool-down control map. 
[0063] That is, as shown by a flow® in Fig. 7, if the 
discharge pressure Pd of the compressor 3 reaches a 
value of 7.0 kg/cm 2 , the duty ratio for the fan motor 10 
is increased to a level of 30 % which is maintained until 
the compressor discharge pressure Pd reaches the val- 
ue of 1110 kp^cm 2 , and' when the compressor discharge 
pressure Pd reaches the value of 1 1 .0 kg/cm 2 , the duty 
ratio for the fan motor 10 is increased to a value of 1 00 
% whereupon this duty ratio of 1 00 5 is maintained. 
[0064] In such a way, during the cool-down mode at 
the start of the operation of air conditioning, as the com- 
pressor discharge pressure Pd reach s the low value 
(= 7.0 kg/cm 2 ), the operation of the fan motor 10 is ini- 



tiated and, if the compressor discharge pressure Pd 
reaches a normal initiating range (= 11.0 kg/cm 2 ), the 
duty ratio for the fan motor 10 is selected to be 1 00 % 
to permit the fan-motor electrical load in an early stage 
5 for thereby restraining an increase in the compressor 
power load, resulting in a remarkable improvement in a 
fuel consumption. 

[0065] As clearly understood from the experimental 
tests described above, during the cool-down mode 

to when initiating the air conditioning, if the fan motor 10 
is tentatively actuated in a reduced load, although the 
fan-motor electrical load decreases, the compressor 
power load increases due to a cooperative action with 
a difficulty in expecting a reduced fuel consumption. Ad- 

15 ditionally, unlike the traveling stage described later, dur- 
ing the departure stage, cooling of the condenser 4 due 
to a traveling wind can not be expected and, in order to 
ensure a demanded cooling capacity, a wind from the 
cooling electric fan 9 is needed. 

20 

[Fan Motor Control Action During Traveling] 

[0066] During traveling of the vehicle, the evaporator- 
outlet temperature Tint is decreased due to a cooling 

25 effect and, if the differential temperature A T decreases 
below 2°C, in the flowchart of Fig. 4, flow is routed in 
step S 1 -» step S2-»step S3— >step S5 whereby the cool- 
down control is released while the normal control map 
is selected to commence the normal control 

30 [0067] That is, as shown by flow© in Fig. 7, suppose 
that the operating point, at which the differential temper- 
ature AT decreases below the value of 2°C, is P1, the 
duty ratio for the fan motor 10 is caused to drop to an 
operating point P2 at a breath and, thereafter, operation 

35 is executed to control for varying the duty ratio for the 
fan motor 10 along the normal control map in depend- 
ence on a decrease or an increase in the compressor 
discharge pressure Pd of the compressor 3. 
[0068] During the traveling mode, cooling of the con- 

40 denser 4 due to the traveling wind is expected and, 
hence, even if the fan-motor electrical load is limited, it 
is possible to obtain the demanded cooling capacity. 
Further, by limiting the fan-motor electrical load, the total 
engine load can be maintained at a low range due to 

45 fan-motor control depending on the normal control map. 
As a consequence, an improvement in fuel consumption 
can be achieved in accordance with the normal control 
map. \> 

50 » [Cool-down Control Action During Traveling] 

[0069] For instance, description is made hereinafter 
in connection with a case where, in a midway during the 
traveling mode, a window is opened to allow atmospher- 
55 Jc air to flow in a vehicle compartment to cause the evap- 
orator-outlet temperature Tint to increase or a. case 
. where, during the traveling mode, a temperature adjust- 
ing dial is operated to cause the setting temperature to 
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be considerably lowered. 

[0070] In such a case, if the differential temperature 
between the evaporator-outlet temperature Tint and the 
target evaporator-outlet temperature Tint exceeds 4°C, 
in the flowchart of Fig. 4, flow is routed in step S1 ->step 
S2->step S4-+ step S5 whereby the cool-down control 
is selected to initiate the cool-down control. 
[0071 ] That is, as shown by flow® in Fig. 7, suppose 
that the operating point, at which a shift occurs from the 
normal control to the cool-down control, is P3, the duty 
ratio for the fan motor 10 is caused to drop to an oper- 
ating point P4 at a breath to allow the duty ratio for the 
fan motor 10 to assume 100 %. Thereafter, operation is 
executed to control the duty ratio for the fan motor 10 to 
lie in the value of 100 % along the cool-down control 
map even in the presence of an increase in the com- 
pressor discharge pressure Pd accompanied by an in- 
crease in the demanded cooling capacity. 
[0072] As set forth above, during the cool-down con- 
trol mode during the traveling, the duty ratio for the fan 
motor is increased to the value of 100 % at the breath 
to alter such that the fan-motor electrical load assumes 
the maximum value in a high response, whereby an in- 
creased condenser cooling capacity is achieved both by 
the cooling electric fan 9 and the traveling wind. Conse- 
quently, the presence of an ability of limiting an increase 
in the compressor discharge pressure accompanied by 
an increased condenser cooling capacity enables the 
fuel consumption to be improved in accordance with the 
cool-down control map. 

[Fuel Consumption Comparison] 

[0073] . Next, comparison tests for fuel consumption 
was conducted using an air conditioning system A hav- 
ing a fixed volume compressor interlocked with ON/OFF 
operation of the air conditioner and an air conditioning 
system B of the embodiment wherein composite control 
(cooperative control in consideration of fuel consump- 
tion) is implemented for the externally controlled type 
fan motor 10 relative to the externally controlled type 
variable volume compressor 3. 

[0074] In the fuel consumption comparison test re- 
sults conducted at 30°C with 50 % in humidity, during 
an idling mode at an engine speed of 900 rpm, a mode 
A provides a fuel consumption degradation rate of 54.9 
%and a mode B provides the fuel consumption. degra- 
dation rate of 47.8 %, resulting in a 7.1 % drop from A 
to B. During the traveling mode at the vehicle speed of 
40 km/h , the mode A provides the fuel consumption deg- 
radation rate of 27.1 % and the mode B provides the fuel 
consumption degradation rate of 26.2 %, resulting in a 
0.9 % drop from A to B. During the traveling mode at the 
vehicle sp ed of 80 km/h, the mode A provides the fuel 
consumption degradation rate of 1 2.6 % and the mode 
Bprovid s the fuel consumption degradation rate of 9.2 
%, resulting in a 3.4 % drop from A to B. In Fig. 8, the 
fuel consumption degradation rate was calculated in a 



formula expressed by Fuel Consumption degradation 
rate = (Fuel Consumption in Air Conditioning being 
Turned OFF - Fuel Consumption in Air Conditioning be- 
ing Turned ON) + (Fuel Consumption in Air Conditioning 

5 being Turned OFF). 

[0075] In the fuel consumption comparison test re- 
sults conducted at 35°C with 50 % in humidity, during 
the idling mode at an engine speed of 900 rpm, a mode 
A provides a fuel consumption degradation rate of 56.8 

10 % and a mode B provides the fuel consumption degra- 
dation rate of 50.9 %, resulting in a 5.9 % drop from A 
to B. During the traveling mode at the vehicle speed of 
40 km/h, the mode A provides the fuel consumption deg- 
radation rate of 36.3% and the mode B provides the fuel 

is consumption degradation rate of 32.6 %, resulting in a 
3.7 % drop from A to B. During the traveling mode at the 
vehicle speed of 80 km/h, the mode A provides the fuel 
consumption degradation rate of 1 7.6 % and the mode 
B provides the fuel consumption degradation rate of 

20 14.6 %, resulting in a 3.0 % drop from A to B. Also, in 
Fig. 9, the fuel consumption degradation rate was cal- 
culated in a formula expressed by Fuel Consumption 
Degradation Rate = (Fuel Consumption in AirCondition- 
ing being Turned OFF - Fuel Consumption in Air Condi- 

25 tioning being Turned ON) - (Fuel Consumption in Air 
Conditioning being Turned OFF). 
[0076] From the foregoing description, advantageous 
improving effects in fuel consumption provided when 
compared between the air conditioning system B of the 

30 embodiment and the related art air conditioning system 
A are listed below. 

(a) During idling, the fuel consumption degradation 
rates were 7.1 % and 5.9 % the modes A and B, 

35 respectively, and it was confirmed that the fuel con : 
sumption was improved even by approximately 6 %. 

(b) During traveling at a speed of 40 km/h, the fuel 
consumption degradation rates were 0.9 % and 3.7 
% the modes A and B, respectively, and it was con- 

40 firmed that the fuel consumption was improved 
even in a range between 1 % and 4 %. 

(c) During traveling at a speed of 80 km/h, the fuel 
consumption degradation rates were 3.4 % and 3.0 
% the modes A and B, respectively, and it was con- 

45 firmed that the fuel consumption was improved 
even by approximately 3 %. 

[0077] The vehicle air conditioning apparatus of the 
embodiment has features described below. 

50 

(1)The control map, by which the duty ratio for the 
fan motor 1 0 is determined in response to the com- 
pressor discharge pressure Pd, is set on the basis 
ofth maximum efficiency point, that permit the total 
55 engine load torque, indicative of the total sum of the 

engine load torque resulted by the externally con- 
trolled typ compressor 3 and the engine load 
torque, to be decreased to the minimum torque to 
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provide the maximum fuel consumption, and by us- 
ing the compressor discharge pressure Pd and the 
control map which is settled, the duty voltage to be 
applied to the fan motor 10 is controlled. For this 
reason, an optimum fan motor control can be per- 5 
formed taking the total engine load caused by the 
externally controlled type compressor 3 and the 
cooling electric fan 9 into consideration, thereby 
achieving a remarkable improvement in fuel con- 
sumption. 10 

(2) During the cool-down mode, the respective max- 
imum efficiency points depending on the vehicle 
statuses such as idling and normal traveling modes 
are preliminarily measured, and the control map, by 
which the duty ratio for the fan motor 1 0 responsive 1$ 
to the compressor discharge pressure Pd, is deter- 
mined on the basis of measured results of the max- 
imum efficiency points. Forthis reason, it is possible 

to achieve a highly improved fuel consumption re- 
gardless of the vehicle statuses. 20 

(3) In step S1 in Fig. 4, if it is discriminated that the 
magnitude of the differential temperature A between 
the evaporator-outlet temperature Tint and the tar- 
get evaporator-outlet temperature Tint exceeds a 
value of 4° Cooperation is executed in flow of step 25 
S1 ->step S2-»step S6->step S7 to perform the fan 
motor control using the cool-down control map de- 
termined on the basis of the maximum efficiency 
point at which the maximum fuel consumption is ob- 
tained under the cool-down situation. For this rea- 30 
son, during the cool-down mode, it is possible to 
achieve a highly improved fuel consumption while 
ensuring a demanded cooling capacity. 

(4) The evaporator-outlet temperature sensor 18 
detecting the evaporator-outlet temperatu re Ti nt at 35 
the position immediately after the outlet of the evap- 
orator?, and the ECV control section 22, that allows 
the target evaporator-outlet temperature Tint at the 
position just after the outlet of the evaporator 7, are 
provided, thereby enabling the demanded cooling *o 
capacity to be predicted in dependence on the mag- 
nitude of the differential temperature A between the 
evaporator-outlet temperature Tint and the target 
evaporator-outlet temperature Tint. For this rea- 
son, by merely detecting the evaporator-outlet tern- 45 
perature Tnt, the target evaporator-outlet tempera- 
ture Tint calculated in the ECV control section 22 

is utilized and the magnitude of the demanded cool- 
ing capacity (= the magnitude of the differential 
temperature A) can be easily predicted at a high so 
precision. • 

(5) The externally controlled type compressor 3, 
whose compressor volume is variably controlled 
from outside, is used as the compressor of the air 
conditioning system, and the externally controlled 55 
type compressor s is arranged such that control is 
performed by the ECV control section 22 to obtain 
the target compressor volume effective for achiev- 



ing power saving in terms of a cooling capacity de- 
manded for a particular air conditioning cycle. For 
this reason, optimization (for the power saving and 
the fuel consumption) in the compressor discharge 
pressure Pd can be achieved regardless the vehicle 
statuses, and the variable volume control of the ex- 
ternally controlled type compressor 3 is used with 
the PWM control of the fan motor 1 0, thereby ena- 
bling control of improvement in fuel consumption, 
that allows the total engine load resulting from the 
total sum of the compressor power load and the fan 
motor electric load to be minimized, at a high effi- 
ciency. 

(6) In step S6, when discrimination is made that, in 
operations up to step S5, the fan motor duty ratio 
M/FA is not zero, flow proceeds to step S8 to exe- 
cute the slow-start operation 2 to allow the amount 
of variation in the duty ratio to be limited (to a value 
of, for example, 28 %/sec). For this reason, for in- 
stance, when varying the fan motor duty ratio M/FA, 
commanded when shifted from the normal control 
mode to the cool-down control mode, at a breath, it 
is possible to prevent the fuel consumption from be- 
ing deteriorated due to rapid change in load of the 
fan motor 1 0. 

That is, if the fan motor duty ratio M/FA is rapidly 
increased during the normal condition of the engine 
1 , a remarkable torque variation occurs and, there- 
fore, the engine rotational speed must be increased 
in order to resist such a torque variation, inviting de- 
terioration in fuel consumption. 

(7) In step S6, when discrimination is made that, in 
operations up to step S5, the fan motor duty ratio of 
M/FA is zero, flow proceeds to step S7 to execute 
the slow-start operation 1 to allow the duty ratio to 
vary along the first inclination (to a value of; for ex- 
ample, 6.5 %/sec) at a limited rate, and when dis- 
crimination is made that the fan motor duty ratio M/ 
FA appearing up to the preceding operation is not 
zero, flow proceeds to step S8 to execute the slow- 
start operation 2 to allow the duty ratio to vary along 
the second inclination (to a value of, for example, 
28 %/sec) at a limited rate. Forthis reason, it is pos- 
sible to accomplish a compatibility between the op- 
eration of the fan motor 10, based on a smooth ro- 
tational increase at the zero-start stage, and avoid- 
ance in deterioration of the fuel consumption 
caused by rapid change in load of the fan motor in 
a stage except for the zero-start. 

[0078] As set forth above, while the vehicle air condi- 
tioning apparatus of invention has. been described in 
conjunction with the presently filed embodiment,. a de- 
tailed struct ur of the present invention is not limited to 
the embodiment and design changes or additions may 
be allowed without departing from the spirit and scope 
of the invention as defined in appended claims. ■ > ■ 
[0079] In particular, while the embodiment has been 
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described with reference to an example where the de- 
manded cooling capacity predicting means is provided 
as the vehicle statuses detecting means to define the 
vehicle statuses being classified in the cool-down mode 
and the normal traveling mode, it may be altered to allow 
the vehicle statuses to be finely divided in small vehicle 
ranges between a zero-vehicle speed and the maximum 
vehicle speed. Also, the vehicle statuses may be clas- 
sified in terms of a value of the engine rotational speed 
or a positive or negative value of an absolute value of 
the engine-rotational-speed varying rate. In addition, 
the vehicle statuses may be classified in terms of a value 
of an accelerator opening degree (throttle-opening de- 
gree) or a positive or negative value of an absolute value 
of an accelerator-opening-degree varying rate. Thus, a 
method of detecting the vehicle statuses by which the 
engine load is influenced and classifying the vehicle sta- 
tuses in dependence on the degree of influence to be 
xerted to the engine load may be included in the 
present invention. 

[0080] While the embodiment has been described in 
connection with an example where the externally con- 
trolled type compressor is used as the compressor, the 
present invention may also be applied to a fixed volume 
type compressor that is controlled to turn ON/OFF de- 
pending on the status of the air conditioner remaining in 
an operative or inoperative state. Also, the present in- 
vention may be applied to a variable volume type elec- 
trically powered compressor (that forms, in this case, an 
electrical load like the cooling electric fan) driven by a 
motor. 

[0081] While the embodiment has been described in 
connection with an example where the PWM control is 
infinit ly executed in the fan motor of the cooling electric 
fan, the present invention may also be applied to the fan 
motor of the type which is controlled in ON/OFF modes 
(variable in two stages). 

[0082] While the embodiment has been described in 
connection with an example where the demanded cool- 
ing capacity predicting means predicts in dependence 
on the differential temperature between an actual value 
of the evaporator-outlet temperature and the target val- 
ue, for instance, a demanded cooling capacity may be 
predicted responsive to rapid increase in the tempera- 
ture of the vehicle compartment regardless of operation 
of the air conditioning switch , operation of a temperature 
adjustment dial for lowering a preset temperature or an 
air-conditioning turned-ON state. 

[0083] While the embodiment has been described in 
connection with an example where the high pressure 
sensor is used as the compressor-capacity-volume 
equivalent-value detecting means, for instance, it may 
be possible to use a means for detecting the pressure 
of the high pressure refrigerant at any position in the air 
conditioning cycle between the discharge side of the 
compr ssor and the expansion valve and a means for 
predicting the compressor discharg pressure by calcu- 
lation. 



[0084] While the embodiment has been described in 
connection with an example where the fan motor is con- 
trolled in one cool-down control map regardless of the 
demanded cooling capacity during the cool-down mode 

5 as the fan motor control means, the fan motor control 
may be performed depending on the magnitude of the 
demanded cooling capacity by shifting the compressor 
discharge pressure at a lower side or by selecting an 
optimum map among a plurality of control maps. 

10 [0085] While the embodiment has been described in 
connection with an example where the evaporator-out- 
let temperature sensor is used as the evaporator-outlet 
temperature detecting means, in case of an evaporator- 
outlet temperature sensor being provided, it may be ar- 

15 ranged to estimate the evaporator-outlet temperature 
from the evaporator inlet temperature. 
[0086] In the embodiment, the fan motor control may 
be performed depending on the magnitude of the vehi- 
cle speed as the fan motor control means such that, dur- 

20 jng the normal traveling mode, for instance, correction 
is implemented to alter the inclination of the normal con- 
trol map based on the magnitude of the vehicle speed 
or to select the optimum map among a plurality of normal 
control maps. Also, during the normal traveling mode, 

25 the fan motor control may be performed by adding 
traveling resistance information such as a road surface 
slope or accelerator-opening-degree information in ad- 
dition to vehicle speed information. 
[0087] The entire contents of a Japanese Patent Ap- 

30 plication No. P2002-08918 with a filing date of March 
27, 2002 is herein incorporated by reference. 
[0088] Although the present invention has been de- 
scribed above by reference to certain embodiments of 
the invention, the invention is not limited to the embod- 

35 iments described above and modifications will occur to 
those skilled in the art, in light of the teachings. The 
scope of the invention is defined with reference to the 
following claims. 
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Claims 

1. A vehicle air conditioning apparatus for controlling 
an air conditioning cycle having a compressor, a fan 
motor activated by a power source composed of an 
alternator driven by an engine, and a fan driven by 
the fan motor for cooling a condenser, the appara- 
tus comprising: 

a compressor-volume equivalent-value detec- 
tor detecting a compressor-volume equivalent- 
value corresponding to a volume of the com- 
pressor; 

a control map setter setting a control map : that 
determines a fan motor load for the compressor 
volume detected by the compressor-volume 
equivalent-value detector, in a way to minimize 
a total engine load torque formed by a total sum 
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of an engine load torque caused by the com- 
pressor and the engine load torque caused by 
the fan motor; and 

a fan motor controller controlling the fan motor 
load, that forms a load of the fan motor, in de- 
pendence on the compressor-volume equiva- 
lent-value using the compressor-volume equiv- 
alent-value and the control map set by the con- 
trol map setter. 

2. The vehicle air conditioning apparatus of claim 1 , 
further comprising a vehicle statuses detector de- 
tecting vehicle statuses, wherein the control map 
setter measures the maximum efficiency points in 
dependence on the detected vehicle statuses, re- 
spectively, and sets the control map, that deter- 
mines the fan motor load for the compressor vol- 
ume, in dependence on measured results of the 
maximum efficiency points. 

3. The vehicle air conditioning apparatus of claim 1 , 
wherein the vehicle status detector includes a de- 
manded cooling capacity predictor predicting a 
cooling capacity demanded in the air conditioning 
cycle, and 

wherein the control map setter sets a cool- 
down control map on the basis of the maximum ef- 
ficiency point at which a cooling capacity required 
in the air conditioning cycle is high and which pro- 
vides the maximum fuel consumption under a cool- 
down situation, and 

wherein the fan motor controller controls the 
fan motor, using the cool-down control map which 
is set, during a cool-down mode in which a demand- 
ed cooling capacity is predicted to be greater than 
a given preset value. 

4. The vehicle air conditioning apparatus of claim 1, 
wherein the fan motor controller comprises an 
evaporator-outlet temperature detector detecting 
the temperature at a position just behind an outlet 
of the evaporator, and a target evaporator-outlet 
temperature setter setting a target temperature at 
the position just behind the outlet of the evaporator, 
wherein the demanded cooling capacity predictor 
predicts a demanded cooling capacity responsive 
to a value of a differential temperature between an 

vaporator-outlet temperature detected value and 
a target evaporator-outlet temperature. 

5. The vehicle air conditioning apparatus of claim 1 , 
wherein the compressor comprises an externally 
controlled type compressor which is driven by an 
engine and whose compressor volume is externally 
and variably controlled, the externally controlled 
type compressor being controlled by a compressor 
controller which controls a target compressor vol- 
ume that provides a power saving for a cooling ca- 



pacity demanded in an air conditioning cycle. 

6. The vehicle air conditioning apparatus of claim 1, 
wherein a fan motor load is determined by the fan 

5 motor controller, and the fan motor controller in- 
cludes slow-start controller that, when a shift occurs 
from a current fan motor load to the fan motor load 
which is determined, varies a fan motor load while 
limiting an amount of load variation in terms of a unit 

10 time. 

7. The vehicle air conditioning apparatus of claim 6, 
wherein the slow-start controller has a first slope 
along which a current fan motor load shifts from ze- 

'5 ro to a determined fan motor load, and a second 
slope along which the current fan motor load shifts 
from a status at a given value to the determined fan 
motor load, the second slope being higher than the 
first slope. 

20 
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